INTRODUCTION
Humans are continually exposed to an imposing number and variety of chemical compounds. Some of these chemical compounds are required for normal nutrient metabolites, while others, often called xenobiotics, are foreign to life processes and may be potentially toxic (Reeves, 1981) . Xenobiotic metabolism, which occurs predominantly in the liver, is often classified as a two phase process, phase I and phase II (Caldwel, 1982) . Phase I metabolism involves the introduction of functional polar groups, whereas phase II metabolism enhances the excretion of the foreign compounds by covalently conjugating endogenous molecules to the metabolites produced in phase I reactions. Often it is the phase II conjugation reactions that are successful in terms of detoxification by terminating the biological activity of the compound by excretion. Of the seven major groups of conjugation reactions listed by Caldwell (Caldwell, 1980) , glucuronidation, sulfation, glutathione, and amino acid conjugates are of major concern in humans. This view of our current knowledge of xenobiotic metabolism suggests that a profile of the detoxification capability of the human might be developed by measuring the levels of urinary end products, such as conjugates. As part of an on-going research effort to develop such a human detoxification profile, the present study was designed to measure the urinary levels of amino acid conjugates in a free living population of young male adults. Specifically, the urinary excretion of glutamine and glycine conjugates were quantitatively assessed since these two are the most commonly encountered amino acid conjugates excreted by humans (Caldwell, 1980a) .
METHODS .
Subjects. Forty healthy adult males with a mean age of 20.2 yr (range 18-34) who were neither taking medications or under a physician's care were recruited for the study. The subjects' average weight was 74.4 kg with a range of 54.4-99.6. Prior to urine collection, a food frequency questionnaire based on diet recall was conducted in order to estimate the exposure frequency of dietary and nondietary variables. Three consecutive 24 hr urine samples were collected from each subject. A 24 hr period was defined as beginning with the collection of the 'second voiding on day one, through the first voiding on day two. Urinary creatinine levels (23.7 ± 4.5 mg/24 hr/kg) were used to confirm the complete collection of the 24 hr urine sample. Variable Assessment. Data obtained from the questionnaire were used to ascertain the frequency of exposure/ingestion to various dietary to nondietary variables. Dietary variables included intake of vegetables, fruits, meat, and charbroiled meat, whereas nondietary variables included exposure to tobacco, alcohol, marijuana, caffeine, organic solvent chemicals, and the incidence of cancer among family members. The frequencies were ranked as low and high, except for cancer which was assessed in terms of the presence or absence of the incidence of cancer among the family members. Conjugate analysis. The method of Bidlingmeyer et al. (Bidlingmeyer, 1984) was used for the quantification of urinary conjugated glycine and glutamine. The method is based on the use of Edman reagent (phenylisothiocyanate), which yields phylthiocarbamyl derivatives of glycine and glutamine. The derivatives of these compounds were separated and anlayzed using a PICO.TAG Waters high performance liquid chromatography system. The system consists of two M510A solvent delivery units and a M441 fixed wavelength detector with a Waters 820 controller. Urinary conjugates were hydrolyzed in 6 N HCI with 1% phenol for 20-24 hr at 105-112°C. Prior to hydrolysis, any urinary proteins greater than 10 kilodaltons were removed by ultrafiltration. Quantification of the amino acid conjugates was determined by calculating the differences of each amino acid before and after conjugate hydrolysis.
RESULTS AND DISCUSSION
As shown in Table 1 , the mean excretion of conjugates of glutamine for the 40 subjects was 1.30 mmole/24 hr and ranged from 0.28 to 3.97 mmole/24 hr. In contrast, the excretion of glycine conjugates was three-fold greater at 3.91 mmole/24 hr and with a range of 0.70 to 11.74 mmole/24 hr. The levels of both (Murano, 1989) daily urinary excretion levels of sulfate conjugates, 7.65 mmole/24 hr, but higher than that of glucuronides, 0.85 mmole/24 hr. The between-subject (inter-) variations (Table 2 ) for glutamine and glycine conjugates excretion were similar at 51.1 and 53.4%, respectively. The within-subject (intra-) variation was 37.3% for glutamine conjugates and 31.4% for glycine conjugates. All coefficients of variations were essentially the same whether the data were expressed per 24 hr or per unit of creatinine excretion. In the absence of controlled genetic or environmental influence the high intervariation was not unexpected. The intravariation was considerably less than the intervariation but still indicates that intravariation is not negligible. Both the inter-and intravariation were within the same range observed by Murano et al. (Murano, 1989) . The relationship between the urinary excretion of the amino acid conjugates and the frequency of ingestion of various dietary factor is shown in Table 3 . No statistical differences were noted for any of the dietary factors when the frequencies were rates as low or high. When a comparison was made relative to exposure to nondietary factors (Table 4) , the smoking of cigarettes and marijuana and the consumption of caffeinated coffee showed statistically significant effects. Smoking more than one cigarette daily or using marijuana once each week or more reduced the excretion of glutamine conjugates (p < 10%) whereas the (Lemberger, 1971 ) chronic marijuana smokers (daily use for at least one year) showed increased urinary excretion of radioactively labeled tetrahydrocannabinol as well as an increased metabolic clearance rate. The authors suggest an increased rate of drug metabolism due to enzyme induction. Vestal and coworkers (Vestal, 1975) have noted that cigarette smoking and caffeine were positively correlated with increased metabolism of antipyrine as measured by metabolic clearance rates. Since, in this study, a reduction in excretion of glutamine conjugates was observed with smoking marijuana and cigarettes, the implication is that enzymatic induction has increased an alternate detoxification pathway or perhaps may somehow have inhibited glutamine conjugate formation/excretion. With caffeine consumption the increase in glycine conjugates would support increased drug metabolism. A comparison of urinary amino acid conjugate levels found in this study and the literature is shown in Table 5 . The ratio of glycine to glutamine, as well as the upper range of values from this study, are close to the literature values. The calculated glycine conjugate value from Williams and Sweely (Williams, 1961) would probably be higher since hippuric acid reportedly (Stein, 1954) accounts for 65-75% of conjugated glycine. It is interesting to note that in the three instances were an effect of a nondietary factor was observed (Table 4 ) that the gly/glu ratio increased to 3.9-4.1 or about 33%. What this means is unclear at this time.
The large variability of the two amino acid conjugate excretions is not unusual and as suggested (Vessell, 1985) may be due to dynamic interactions among Despite the observed large variability the results do indicate a putative effect of smoking tobacco or marijuana and of drinking caffeinated coffee on amino acid conjugate levels. Further research is obviously needed to clarify these relationships.
